Zoonotic diseases are an increasingly important source of human infectious diseases, and host pathogen 19 richness of reservoir host species is a critical driver of spill-over risk. Population-level traits of hosts 20 such as population size, host density and geographic range size have all been shown to be important 21 determinants of host pathogen richness. However, empirically identifying the independent influences of 22 these traits has proven difficult as many of these traits directly depend on each other. Here we develop a 23 mechanistic, metapopulation, susceptible-infected-recovered model to identify the independent influences 24 of these population-level traits on the ability of a newly evolved pathogen to invade and persist in host 25 populations in the presence of an endemic pathogen. We use bats as a case study as they are highly 26 social and an important source of zoonotic disease. We show that larger populations and group sizes had 27 a greater influence on the chances of pathogen invasion and persistence than increased host density or 28 the number of groups. As anthropogenic change affects these traits to different extents, this increased 29 understanding of how traits independently determine pathogen richness will aid in predicting future 30 zoonotic spill-over risk.
γ are the transmission and recovery rates and n is the group size. When Pathogen 2 is introduced, its 120 rate of change can be written as
which is greater than zero when α (ΛR 0 − µ) I 2 > 0 (with R 0 = βN γ+µ being the basic reproduction number
The effect of geographic range size on disease dynamics occurred through changes in the metapopula-145 tion network. Dispersal was only allowed to occur between two groups if they were connected nodes in 146 the metapopulation network. The metapopulation network was created for each simulation by randomly 147 placing groups in a square space which represented the geographic range of the species (electronic sup-148 plementary material, figure S1 ). Groups within a threshold distance of each other were connected in the 
